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(71) Wc^ , 

States of America, of 301 Henrietta Street, 
Kalamazoo, State of Michigan, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement : — 

The present invention relates to novel compounds and to compositions thereof 
which are useful for controlling the reproductive cycle in ovulating female mammals 
including humans and animals such as monkeys, rats, rabbits, dogs and cattle. 

According to one feature of xb - invention there are provided novel compounds 
having the general formula : — 
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CH 2 Y-(CS 2 )3-C00R 1 



^-^-z-Cca^-cH, 



wherein Ri is hydrogen, alkyl of 1 to 8 carbon atoms, inclusive, or a pharmacologically 

acceptable cation, R, and R3 are hydrogen or alkanoyl of 1 to 8 carbon atoms, indu- 
20 sive, with the proviso that when is alkanoyl, R« is also alkanoyl, m is zero or 2, 20 

and X, Y and Z arc — CHCH,— , or X is trans-CH=CH— , Y is cis-CH=CH— , 

and Z is — CH.CHr- or cis-CH=CH— . 

In British Patent Specification No. 1,198,071 there are described and claimed 

optically active compounds extremely potent in causing various biological responses 
,25 and having the general formula: — 25 
i 
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wherein — is a generic expression denoted an alpha or beta configuration far the 
attached moiety, R t is hydrogen, alkyi of 1 to 8 carbon atoms, inclusive, cydoalfeyl 
of 3 to 10 carbon atoms, inclusive, ar alkyl of 7 to 10 carbon atoms, inclusive, phenyl, 

5 or phenyl substitute by 1 to 3 chloro or alkyi of 1 to 4 carbon atoms, inclusive, R ; 
is hydrogen or alkyi of 1 to 8 carbon atoms, inclusive, R 3 and R« are hydrogen or 
alkyl of 1 to 4 carbon atoms, inclusive, and Q,H 2B is alkykne of 1 tc 8 carbon 
inclusive, and pharmacologically acceptable salts thereof when R, is hydrogen, exclud- 
ing the compounds known as PGF lG and PGR,* and their salts and esters. 

10 Preferably in such compounds CJl^ is hexamethylene, R« is hydrogen, R« is 

hydrogen, R t is alkyl of 1 to 4 carbon atoms, inclusive, preferably methyl or Ri is 
hydrogen, the — C n H 2n — COOR t moiety is attached in alpha configuration and prefer- 
ably also the —OH adjacent to CH^— COORi is attached in alpiia configuration. 
It has now been found that the novel compounds of the general formula: — 

R,0 „ (CH 2 ) 6 -C00R 1 

\ 




0R 2 



II 
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wherein R L , R, and Ro are as defined above with the same proviso relating to R© and 
R 8 are useful also for controlling the reproductive cycle in ovulating female mammals 
thereby being useful in preventing pregnancy and in inducing labour in pregnant 
female mammals. 

20 When R, and Ra in a compound of formula I or formula II are both alkanoyl 20 

they can be die same or different. 

These novel compounds of formulae I and II are some of the preferred com- 
pounds which are used in the methods of treatment described and claimed in our 
copending Application No. 39S83/69 (Serial No. 1285371). These compounds are 
23 especially useful for the purposes described therein and are also useful for additional 25 
purposes as described further hereinafter. 

Examples of alkyl of 1 to 8 carbon atoms are methyl, ethyl, propyl, butyl, pentyl, 
bexyl, heptyl, octyl, and isomeric forms thereof. 

Examples of altranoyl of 1 to 8 carbon atoms, inclusive, are fczsayl, acetyl, 
30 propionyl, butyryl, vaieryl, hesanoyf, heptanoyl, octanoyl, and iaomeric forms thereof. 30 
Pharmacologically acceptable cations within the scope of Ri in formulas I and 
II are q^xa ternary ammonium ions or the caticaic forms of a metal, ammonia, or an 
amine. 

Especially preferred metal cations are those derived from the alkali metals, e.g., 
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lithium, sodium, and potassium, and from the alkaline earth metals, e.g., magnesium 
and calcium, although cationic forms of other metals, e.g., aluminium, zinc, and irons, 
are also within the scope R|. . n . 

Pharmacologically acceptable amine cations also within the scope ol Ki in 
formulas I and II are those derived from primary, secondary, or ternary anunes. 
Examples of suitable amines are methylamine, dime&ylamine, trimethylamiiie, etny - 
amine, dibutylamine, triisopropylaminc, N-methylhesylamine, decylamine, dodecyl- 
amine, allylamine, crotylamine, cydopentylamine, dicyclohexylamine, benzytamine, 
dibenzylamine, „-phenylethylamine, ^phenylethylamine, emylenediamine, dietnylene- 
triamine, and like aliphatic, cycloaliphatic, and araliphanc amines containing up to 
and including about 18 carbon atoms, as well as heterocyclic amines, eg., mpmOine, 
morpholine, pyrrolidine, pipcrazine, and lower-alky! derivatives thereof, e.g., 1-nKtbyl- 
piperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine, 2-methylpyrrolidine, lgci- 
methylpiperazine and 2-methylpiperidine, as well as amines containing wattr-solubiliz- 
ing or hydrophilic groups, e.g., mono-, di-, and triemanolamine, ethyldiethaiwlamine. 
l^butylethanolaminc, 2-amino-l-butanol, 2-amino-2-ethyl-W-pn)pai^ol» . 2-ammo- 
2-methyl-l-propanol, tris(hydroxymcmyl)aminomemane, N-pheiiylemanoIamuw, 
tert-amylphenyl)diethanolamine, galactamine, N-methylglucamine, N-raetnylglucos- 
amine, ephedrine, phenylephrine, epinephrine and procaine. . 

Examples of suitable pharmacologically acceptable quaternary ammonium cations 
within the scope of R, in formulas II and III are tetramethyUmmomum, tetraethyl- 
ammonium, benzylrrimcthylammonium and phenyltriethylammooium. 

The compounds of formulas I and II arc somewhat similar to certain of me 
natural prostaglandins. The latter arc considered to be derivatives of prostanoic aaa 
which has the following structure: 
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COOH 




III 



The naturally-occurring prostanoic acid derivative, prostaglandin F 2 „ (PGF 1o ), has the 
following structure: 



!!0 



COOH 




30 The compound of formula I wherein R„ Rj and R, arc hydrogen, and X is traos- 
CH=CH— , Y is cis-CH=CH— , and Z is — CH.CHt— , has the same structure as 
PGF-a except that this novel formula I compound has one less carbon atom in the 
hydroxy-containing side chain («-nor) when m is zero, and one more carbon atom in 
the same chain (<«-homo) when m is 2. The other compounds encompassed by formula 

35 I are similarly related to the known prostanoic acid derivatives dibydro-PGF la and 
PGF„. The compound of formula II wherein Rj, R„ and R, are hydrogen has one 
less carbon (<i>-nor) than the known PGF,.. 

These «>-nor and <u-hcmo PGF. compounds of formulas I and II are extremely 
potent in causing various biological responses of the general type caused by the 

40 corresponding natural PGF. compounds. Regarding the biological responses caused by 
the natural PGF. compounds, see, for example, Bergstrom et al., Pharmacol. Rev. 
20, 1 (1968), and references cited therein. 

Thus these formulas I and II compounds are useful for ensuring the regularity 
of menses and in place of oxytocin to induce labour in pregnant animals, including 
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man, cows, sheep, and pigs, at or near term, or in pregnant animals with intra-auterine 
death of the fetus from about 20 weeks ro term. For this purpose, the compound is 
preferably infused intravenously it a dose 0.01 to 50 /<g. per kg. of body weight per 
minute until or near the termination of the second stage of labour, i.e. expulsion of 

5 the fetus. These compounds are especially useful when the female is one or more weeks 5 
post-mature and natural labour has not started, or 12 to 60 hours after the membranes 

have ruptured and natural labour has not yet started. 

The novel formula I and II compounds of this invention arc useful in mammals, 
including man, as nasal decongestants. For this purpose, the compounds are used in a 

10 dose range of 10 «g to 10 mg. per ml. of a pharmacologically suitable liquid vehicle 10 
or as an aerosol spray, both for topical application. 

The novel formula I and II compounds not only are potent in causing smooth 
muscle stimulation, but are also highly active in potentiating other known smooth 
muscle stimulators, for example, oxytocin, vasopressin, and the various ergot alkaloids 

15 including derivatives and analogs thereof. For these reasons, these novel compounds 15 
are useful in place of or in combustion with less than the usual amounts of these 
known smooth muscle stimulators, for example, to relieve the symptoms of paralytic 
ileus, to control or prevent atonic uterine bleeding after abortion or delivery, to aid 
in the expulsion of the placenta, and during the puerpcrium. 

20 For these purposes these novel formula I or II compounds are preferably first 20 

administered by intravenous infusion at a dose in the range 0.01 to 50 /*g. per kg. of 
body weight per minute until the desired effect is obtained. Subsequent doses arc 
given by intravenous, subcutaneous, or intra -muscular injection or infusion in the range 
0.01 tq, 2 mg. per kg. of body weight per day, the exact dose depending on the age, 

25 weight, and condition of the patient or animal. 25 
As described more fully below these novel formula I and II compounds are useful 
for controlling the reproductive cycle in ovulating female mammals, including humans 
and animals such as monkeys, rats, rabbits, dogs and cattle. For that purpose, the 
compounds arc administered systcmically at a dose level in the range 0.01 mg. to 

30 20 mg. per kg. of body weight of the female mammal, advantageously during a span 30 
of time starting approximately at the lime of ovulation and ending approximately at 
the time of menses or just pn>- senses. 

In spite of the apparcn ruies of structure between the novel compounds of 

formulas I and II and the natural PGF« compounds, i.e., dihydro-PGF JO , 

35 PGF I(U PGF 2l() and PGF^, the novel formula I and II compounds are surprisingly 35 
and quite unexpectedly more useful for one or more of the above illustrative purposes 
than the natural PGF a compounds. The natural PGF„ compounds uniformly cause 
multiple responses even at low doses. For example, PGF la causes smooth muscle 
stimulation and a blood pressure rise at the same time that it acts to increase nasal 

40 patency. In striking contrast, the novel formula I and II compounds each are more 40 
specific in causing PGF^-rype biological responses. Each of these novel compounds is 
therefore surprisingly and unexpectedly more useful for the pharmacological purposes 
indicated above because each has a different and narrower spectrum of biological 
activity than the natui ' PGF a compounds causing smaller and fewer undesired side 

45 effects than the natura. compounds. 45 
For the above pulses, the novel formula I and II compounds of this invention 
are administered in various ways. For example, as mentioned above, topical adminis- 
tration is the preferred route when the compound is used to promote nasal patency in 
cases of nasal congestion. Systemic admin istrarion, e.g., intravenous, subcutaneous, 

50 intramuscular, oral, rectal, vaginal, buccal, sublingual, and as sterile implants for 50 
prolonged action, are preferred for the other pharmacological purposes mentioned 
above. 

For intravenous injection or infusion, sterile aqueous isotonic solutions are pre- 
ferred. For that purpose, it is preferred because of increased water solubility that ^ 

55 in the formula I or II compounds be hydrogen or a pharmacologically acceptable 55 
cation. For subcutaneous or intramuscular injection, sterile solutions or suspensions 
of the acid, salt, or ester form in aqueous or non-aqueous media are used. Tablets, 
capsules, and liquid preparations such as syrups, elixirs, and simple solutions, with 
the usual pharmaceutical carriers, are used for oral, buccal, or sublingual adininistra- 

60 tion. For rectal or vaginal administrarioQ, suppositories or powders prepared as known 60 
m the art arc used. For tissue implants, a sterile tablet or silicone rubber capsule 
containing the substance is used. 

Accordingly the present invention also comprises a therapeutic composition com- 
prising as the active ingredient a compound f the invention together with a nhanna- 

65 ceutjcallv acceptable carrier. ^ 65 



o o 

1,285,3 72 

The novel compounds of formula I are prepared by reducing die carbonyl group 
of the corresponding compounds of the f rmula: 




p CH 2 -Y-(CH 2 )^-C00R 4 



Similarly, the novel compounds of formula II are prepared by reducing the carbonyl 
group of the corresponding compounds of the formula: 



/ (cH 2>6- C00R i* 




VI 

In formulas V and VI, R : , R 3> m, X, Y, and Z arc as defined above, and R« is 
hydrogen or alkyl of one to 8 carbon atoms, inclusive. 

These formula V and VI ketone intermediates are known in the art or are pre- 

10 pared by methods known in the art. See Beerthuis et aL, Rec. Trav. CSum. 87, 4S1 10 
(1968) for the compounds of formula V wherein R 2 and R« are hydrogen, m is zero or 
2, and X is uans-CH=CH— , Y is cis-CH=CH— , and Z is — CH r CHj — , and for 
the compound of formula VI wherein R? and R« are hydrogen. 

The formula V compounds wherein R« and are hydrogen, m is zero or 2, X is 

15 trans-CH=CH— , and Y and Z are cis-CH=CH— , are prepared from 5,8,11,14,17- 15 
nonadecapentaenoic acid (m=0) and 5,8, 1 1,14,1 7-heneicosapentaenoic acid (m=2) as 
described by Struijk et aL, Rec Trav. Oiim 85, 1233 (1966), for the production of 
PGE, from 5,8,1 1,14,17-eicosapentaenoic acid. These C— 19 and C — 21 pemaeaoic 
acids are prepared bv saponification of the corresponding methyl esters which are 

20 prepared as described* bv the combination of Van der Steen et al., Rec. Trav. G&im. 20 
82, 1015 (1963) and Pabon et al., Rec. Trav. Chim. 84, 1319 (1955), using in place 
of the initial react ant of Pabon et al., i.e., l-bromo-2-psmyne, l-bnj2no-2-butyne 
(C — 199) and l-bromo-2-hejcyne (C— 21). The latter two reactants are pzsepared from 
the corresponding known acetylenic alcohols by reaction with PBr a . 

25 The formula V compound wherein R, and R« are hydrogen, and X, Y, and Z are 25 

CHjCH? — is prepared by reduction of the carbon-carLon double bonds of any of 

the formula V compounds wherein X is rxons-CH=CH — , Y is cis-CH=CH — , and 
Z is — CH X CH : — or cis-CH=CH— . Alternatively, reduction of the rarbon-csrbon 
double bond of the formula VI compound wherein R, and R< are hydroga* leads to 

30 the corresponding formula V compound wherein X, Y, and Z are — CHs/CH* — and 20 
m is zero. An alternative method for producing the formula V compound wherein 
X, Y, and Z are — CH 2 CH Z — and m is 2 is reduction of «*-homo-K}E,, a knomi 
compound. See Beerthuis et ah, cited above. 

The novel formula I and formula II compounds of this invention Ri is alkyl are 

35 prepared by carbonyl reduction of the corresponding alkyl esters of the formula V or 35 
VI ketone intermediate. These alkyl esters are prepared by esterification of the eorreo- 
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ponding formula V or VI ketone intermediate wherein R* is hydrogen. Alternatively, 
the formula I or II alkyl esters are prepared by esterification of the corresponding 
formula I or II acids, i.e., wherein Rx is hydrogen. 

The novel formula I and formula II compounds of this invention wherein R x is 
a pharmacologically acceptable cation are preferably prepared by transformation of 
the corresponding formula I or II free acid (Rj=H) to the desired salt. 

The novel formula I and formula II compounds of this invention wherein both 
R, are alkanoyl are prepared by carbonyl reduction of the corresponding alkanoyl 
derivatives of the formula V or VI ketone intermediates wherein both R. are alkanoyl. 
This produces a formula I or II dialkanoyl compound wherein R 3 is hydrogen. These 
dialkanoyl formula V and VI ketone intermediates are prepared by acylation of the 
corresponding formula V or VI ketone intermediate wherein both R 2 are hydrogen. 

When it is desired that R :t in the novel formula I or formula II compounds of this 
invention be alkanoyl, the formula I or II compound wherein R 3 is hydrogen is acyl- 
ated. When both R, in the formula I or II compound are alkanoyl, the R^ alkanoyl 
introduced can be the same or different as the R = alkanoyls. When both Re in the 
formula I or II compound are hydrogen, acylation changes all three hydroxy groups 
to the same alkanoyloxy group. 

In a formula I or formula II compound, when R* is to be alkyl and R^ and/or 
R, are to be alkanoyl, cither or both the alkyl and the alkanoyls are added before or 
after the carbonyl reduction of the formula V or VI ketone intermediate. 

An alternative method for producing formula I compounds wherein X, Y, and 
Z are — CHXH — is reduction of the carbon-carbon double bonds of the formula I 
or II compound wherein at least one double bond is present, or by double bond 
reduction of the carbonyl reduction product cu-homo-PGE! or its alkyl and/or alkanoyl 
derivative. 

Carbonyl reduction to produce the novel formula I and formula II compounds 
of this invention wherein Rj is hydrogen is carried out by reacting the corresponding 
keto intermediates of formulas V and VI with any carbonyl reducing agent which 
does not react with the ester group or the carbon-carbon double bonds. Examples of 
such reducing agents are sodium or potassium borohydride and lithium aluminium 
(rri-tert-butoxy)-hydride. 

These carbonyl reducn ^rried out by methods known in the art for com- 

parable reductions of prost<u,u^ <i^id derivatives. See, for example, Bcrgstrom et al, 
Acta Chem. Scand. 16, 969 (1962) and Anggard et al., J. Biol. Chem. 239, 4101 
(1964). Lower alkanols, e.g., methanol and ethanol, axe preferred as reaction solvents, 
although other solvents, e.g., dioxanc and diethylene glycol dimethyl ether are also 
used, especially in combination with the lower alkanol. 

Although 025 molecular equivalent of the borohydride or lithium aluminium (tri- 
terr-butoxy)hydride reducing agent is sufficient to reduce one molecular equivalent of 
the formula V or formula VI ketone reactant, it is preferred to use an excess of the 
reducing agent, preferably 1 to 15 molecular equivalents of reducing agent per mole- 
cular equivalent of the ketone reactant. It is preferred to add a solution or suspension 
of the reducing agent to the ketone reactant, although the reverse order can also be 
used. A reaction temperature in the range 0° to 50°C. is usually satisfactory. At 25°C, 
the desired reaction is usually complete in 0.5 to 2 hours. The resulting complex com- 
pound is then transformed to the desired product in the usual manner by treatment 
with aqueous acid, advantageously dilute hydrochloric acid. 

The desired formula I or formula II reduction product is isolated by conventional 
techniques, for example, evaporation of the reaction solvent and extraction of the 
residual aqueous mixrure with a water-immiscible solvent, for example, diethyl ether. 
Evaporation of the latter solvent then gives the desired product. 

TTiese borohydride or lithium aluminium (tri-ten-butoxy)hydride reductions of the 
formula V and formula VI kcto reactants each produce a mixture of an alpha- 
hydroxy compound and an isomeric (epimeric) beta-hydroxy compound. The alpha 
and beta components of these mixtures of isomeric hydroxy compounds are separated 
from each other by methods known in the an for the separation of analogous pairs 
of isomeric prostanoid acid derivatives. See, for example, Bergstrom et al., cited above, 
Granstrom et al, J. Biol. Chem. 240, 457 (1969), and Green ct al., J. Lipid Research 
5, 117 (1964). Especially preferred as separation methods are partition chromato- 
graphic procedures > both normal and reversed phase, thin layer chr matography, and 
countcrcurrent distribution procedures. 

Catalytic hydrogenation or diimide are used to reduce carbon -carbon double bonds 
in the various unsaturated intermediates used to produce formula I compounds wherein 
X, Y, and Z are — CH-CK/— . 
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For ca.ly.ic hydrogen P^v^ 
are preferred. It is also pre ^ed jhat - ^JSgFSSS dtaMe ^ 
of all inert liquid diluent, for example, & p . s .i., and hydrogenanon 

Hydrogenation pressures ranging ^ *™f£Xie d . T te reduced formula I aad 
temperatures ranging from 10 to 100 C " e JJ^*^ by conventional methods, 
or ester is isolated from the M ro gcMt^««wn y ev 

cited above. „„„„„i nrnr^dure desaibed by van Tamelen et al., 

For diimide reduction, the general P^^re oescri^u ^ ^ m 

j Am.Chem. Soc., 83, 3726, (1961) « . ^^y^J ^ 432-134 (1963) and 
brganic Chemistry", Reinhold ^^.^^^ ^ unsaturated acid or ester 
refeVcnces cited therein for useful ^^P^^rably an alkali metal salt such 
reaoant is mixed with a salt of ^^^J^ diluent, preferably a 

as the disodium or d»potass.um »^ » ^J^S^My in the absence of substantial 
lower alkanol such as methanol or «u535 of the azodiformic acid salt is 

amounts of water. At least one molecular suspension is men 

used for each molecular equivalent of the reactam. ^ »ui aadTadvantage- 
S£d, preferably w,th %™T*SiT*c*nX mat 

ously with a ^^^.^l^^f^S'of the azodiformic acid salt. A reac- 
acid also serves to aadify an equivalent Within ^ temperature 

tion temperature m the range 10 "^ w ^^^ 24 hours. The desired reduced 
ranee, the reaction is usually complete wiunn ic» u evaporation of the 

carried out by f ^sefthT^ produced" Similar use of 

oXt^ to CMmpk ' *™ ^ 

butyl, and 2-ethylhexyl esters, respe * of ^ 

Esterification with dia^ydto^. ^» earned ^out ^ ^ with the acid 
diazohydrocarbon in a suitable ,nm "■jfogW ^uenL After the esttrifia- 
reactant, advantageously in the same or J^™*™" cvaDoration, and the ester purified 
tion reaction is complete, the solvent ^«mo«d b '*£*Z™&" lt a preferred that 
if desired by conventional g^SSS^S^STSl^ than necessary 

contact of the aad reactants with ^^^S^wm minutes, to avoid undeaired 
to effect the desired ester ificauou^refOTbly one » te^mm 

to the corresponding silver salt, *J"°"~J* . cth ! iodide> butyl iodide, iso- 
iodide. Examples of suiable iodides arc meti^l .^de, ™>l*d y ^ ojal 
butyl iodide and ten-butyl iodide TJiesflyer Jg« ^ gu^aiSioma, erojwx- 

I or II hydroxy comr»unds is ^g^^y^of an alkanoic acid off one to 

pou ri ^^t^A^^l^L rf r3.ydri(fc should te UK* P«ta- 
The excess anhydride serves as ° reacuon «n t ^ en ugh of the tertiary 
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The necessary reaction lime will depend on such factors as the reactira ^mpe ature, 
and the nature of the anhydride and tertiary amine reactants. With acetic iuhydride, 
pyridine, and a 25 C C reaction temperature, a 12 to 24-hour reaction time is used. 
The carboxyacylated product is isolated from the reaction mixture by conven- 
5 rional methods. For example, the excess anhydride is decomposed with water, and the 5 

resulting mixture acidified and then extracted with a solvent such as diethyl ether. 
The desired carboxyacylate is recovered from the diethyl ether extract by evaporation. 
The carboxyacylate is then purified by conventional methods, advantageously by 
chromatography. 

10 The formula I or II acids (R^hydrogen) are transformed to pharmacologically IC 

acceptable salts by neutralization with appropi.^te amounts of the corresponding in- 
organic or organic base, examples of which corres^i.^ to the cations and amines listed 
above. These transformations are carried out by a variety procedures known in the 
art to be generally useful for the preparation of inorganic, i.e., metal or ammonium, 

15 salts, amine acid addition salts, and quaternary ammonium salts. The choice of pro- 15 
cedure depends in pan upon the solubility characteristics of the particular alt to be 
prepared. In the case of the inorganic salts, it is usually suitable to dissolve the formula 
I or II acid in water containing the stoichiometric amount of a hydroxide, carbonate, 
or bicarbonate corresponding to the inorganic salt desired. For example, such use of 

20 sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution of the 2G 
sodium salt of the prosranoic acid derivative. Evaporation of the water or addition of 
a water-miscible solvent of moderate polarity, for example, a lower alkanol or a lower 
alkanone, gives the solid inorganic salt if that form is desired. 

To produce an amine salt, the formula I or II acid is dissolved in a suitable 

25 solvent of either moderate or low polarity. Examples of the former are ethanol, 25 
acetone, and ethyl acetate. Examples of the latter are diethyl ether and benzene. At 
least a stoichiometric amount of the amine corresponding to the desired cation is then 
added to that solution. If the resulting salt does not precipitate, it is usually obtained 
in solid form by addition of a misdble diluent of low polarity or by evaporation. If 

30 the amine is relatively volatile, any excess is easily removed by evaporation. It is y 
preferred to use stoichiometric amounts of the less volatile amines. 

Salts wherein the cation is quaternary ammonium are produced by mixing the 
formula I or II add with the stoichiometric amount of the corresponding quaternary 
ammonium hydroxide in water solution, followed by evaporation of the water. 

35 The invent more fully understood by the following Examples. 3: 

Example 1 

o.-nor-PGF, t (formula I: R M and R,— H, ra=0, X = trans- CH=CH—, 

Y=cis-CH=CH— , Z— — CH 2 CH = — ). 
A suspension of sodium borohydride (900 mg.) in 100 ml. of methanol at 5° to 

40 10°C is added gradually with stirring during 2 minutes to a solution of co-nor-PGE? 4 
(300 mg.) in 30 ml. of methanol at 0° to 5°C Stirring is continued at 0° to 5°C far 
20 minutes. The reaction mixture is then allowed to warm to 25 °C, and is stirred at 
that temperature for one hour. The resulting mixture is then concentrated by evapora- 
tion to 2/3 of its original volume, mixed with 25 ml of water, and evaporated further 

45 to remove the methanol. The aqueous solution which results is acidified with dilute 4 
hydrochloric acid and extracted three times with diethyl ether. The diethyl ether 
extracts are combined, washed with water, dried, and evaporated to give a mixture of 
the alpha and beta epimers of u>-nor-PGF 2 . 

The mixture of epimeric acids is subjected to reversed phase partition chromato- 

50 graphy on silanized diatomaceous earth (Gas Chrom CLZ 100/120 mesh, a product 
of Applied Science Labs., State College, Pa.), using methanol-water (516 ml. —684 
ml.) as the mobile phase and isooctanolchloroform (60 mi —60ml.) as the stationary 
phase. The column support (500 g.) is mixed with 45 ml of stationary phase, and is 
then packed into column form as a slurry with mobile phase. The mixture of epimeric 

55 *>-nor-PGFs acids is dissolved in 15 ml. of stationary phase and mixed with an addi- 
tional 12 g. of the column support. The resulting slurry is poured onto the column. 
The column is then eluted with mobile phase, 50-ml. fractions of eluate being collected. 
The eluate fractions containing the alpha epimer, as shown by smooth muscle assays, 
are combined and evaporated to give o>-nor-PGF. a . 

60 Following the procedure of Example 1, but using in place of the w-nor-PGEa, 

tu-nor-PGEt, w-nor-dihydro-PGE,, <*-nor-PGE 3 , w-homo-PGEa, o>-homo-dihydro- 
PGE„ w-bomo-PGE,, the methyl esters of each of those and also of o-nor-PGEa, the 
diace rates of each of th se and also of ^nor-PGE* and the methyl ester diacetates f 
each of those and also of «-nor-PGE : , there are obtained <*-nor-FGF lw u-nor-di- 
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hydro-PGF 10 ,-nor-PGF.„-h mo-PGF*. r homo^ydro-PC *^hom 
the methyl esters or each of those PGF analogues ami also <{^^*f F j- 
acetates of each of those PGF analogues and also of ^^fc^^lj^ 
ester diacetates of each of those PGF analogues and also of «-nor-PGF 5 „ respectively. 



Example 2 



w -nor-PGF ; , methyl ester (formula I: R.=ni«hyl, R, >^£>= U > f" 0 ' 
X=trans-CH=CH— , Y=ds-CH=CH— , Z= — CHcCHj — )■ 
w -nor-PGF Ja (10 mg.) is dissolved in a mixture of methanol ^ *"9£<?* 
(1 1) A diethy ether solution of diazomethane (1 g.) is added, and the nan •■» 
10 aUowed to Snd at about 25° for 5 minutes. The reaction mixture is then evaporated 10 
to dryness to give the methyl ester of «*-nor-PGF Sj . . 

Following the procedure of Example 2 but using in place or diazomethane,^ Jiazo- 
ethane, diazobutanc; and l-diazo-2-ethylhexanr, there are obtauied the ethyl, butyl, and 

15 2 ^1SSb55 ffSSL of Example 5^---*^ " 
o,-nor-PGF 3 „ •■>-homo-PGF 3 „ .,-homo-dihydro-PGF,., <,-homo-PGF ;)a3 *e diaceta^ 
an^Stes of each of those and also of <*-nor-PGF„ are each transformed to the 
corresponding methyl, ethyl, butyl, and 2-ethyIbexyl esters. 



ammonium salts. 



Example 5 

55 .^-nor^ihvdro-PGFi. (Formula I : R^ R t , and R,=H, m=0, X, Y, and 

Z= — CH 3 C2Ij — ). 

A solution of .-nor-PGF la (100 mg.) in 8 mL of ethyl acetate is shahai with 
hydrogen at about one atm sphere pressure and 25°C in the presence of 5% palladium 
n charcoal (15 mg.). One equivalent of hydrogen is adsorbed in about 100 minuses. 
The hvdrogenatioo is stopped, and the catalyst is removed by filtration. Evaporation 
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Example 3 

20 u,-nor-PGF:„ triacetate (formula I : R^HJl, and R, ^3^=°' X=tnms - 

— CH=CH— , Y=cis-CH=CH— , Z=— CH,CHr-). 
.o-nor-PGF, HO me.) is mixed with acetic anhydride (3 ml.) pyridine (3 mi.;, 
and ^mSV'lwS to stand at 25°C for 18 hours J^XK'add 
then cooled with ice, diluted with water, and acidified ™* f*»f JgJ^^fJJgJ 
25 to pH 1. That mixture is then extracted three times with diethyl «her. The diefcyl 
ShTcxtraca are combined, and washed successively with dflute hydxochlorK .ad, 
Ee aqueous sodium bicarbonate solution, and water. The diethyl ether is then eva- 

* 3, but replacing the acetic. jahydride with 
30 propionic J&^Mbmpk an. : -ruk, and hexano.c acid anhydride, the corres- 
ponding tricarboxyacyl derivatives of «-nor-PGF u were obtained. 

Abo following the procedure of Example 3, ^rK)r-FGF 1 „^DOT-dirry^dro-PG^o, 
.-norPGlL 3no-PGF to «-homo-dihydro-PGF lM ^iwi-PGF^ and the me±yl 
esters of eadi of those and also of ^nor-PGF t . are each transformed to the cones- 
35 ponding triacetates, tripropionates, triisobutyrates, and tnhesanoates. » 
^ Ako following the procedure of Example 3, the diacetates of -nor-PGF.^ - 
nor-dXdro-PGF^ -nor-PGF^ ~nor-PGF ^omo-dfcydro-PGF^ 
PGP,., and <o-homo-PGF„ are each transformed to the corresponding triacetates, 
propionate-diacetates, butyraie-diace rates, and hesanoate-diacetates. 
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Example 4 _ 
. u -nor-PGF:. sodium salt (Formula I : R,=Na', R, and^=J, m-O, 
X=trans-CH=CH— , Y=cis-CH=CH— , Z= — CHrCHr— )■ _ . 
u.-nor-PGF,. (10 mg.) is dissolved in 10 ml. of water-ethanol (1 : 1). The whttjon 
is cooled to about 10°C and is neutralized with an equivalent amount of 0.1 Ni aqoe- 
ous sodium hydroxide solution. Evaporation to dryness gives u-nor-PGF* KxLum salt. m 

Following the procedure of Example 4 but using potassium hydroxide, c^uum, 
hydroxide, tetramethylammonium hydroxide, and beiizyltrimethylammoniurn hydroxide, 
in place of sodium hydroxide there are obtained the corresponding salts of «*-nor- 

50 PG Xiso following the procedure of Example 4, each of the other PGF analogues and 50 
the diacyl and triacyl PGF analogues mentioned above are transformed to the corres- 
ponding sodium, potassium, calcium, tetramethylammonium, and benzyltnmetnyl- 
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of the filtrate gives a gummy residue which is chromatographed on silica gel with 
ethyl acetate and hexane (3.1) to give ^nor-dihydro-PGF lo; 

Following tK procedure of Example 5, u>-nor-PGF 2a and ^-nor-PGF^ are each 
transformed u *>-nor-dihydro-PGF 10 using 2 and 3 equivalents of hydrogen, respec- 

UVC5y AJso following the procedure of Example 5, o-homo-PGF^ and «-homo-PGF» 0 
are each transformed to o-homo-dihydro-PGF 1<D using 2, and 3 equivalents of hydrogen 

respectively. . ^ t 

Also following the procedure of Example 5 and using the appropriate amount ot 
hydrogen, each of the unsaturated aikyl esters and di- and malkanc«^ menuo^d 
above is transformed to the corresponding dihydro-PGE, analogue and dihydro-F» 1Q 

analogue. 

Example 6 

o.-nor-dihydro-PGFu (Formula I: R t , R„ and R»=H, m=0, X, Y, and 

Z=-CH t CH^). t ft . . fl % . 

u>-nor-PGF la (50 mg.) is dissolved in 10 ml. of absolute ethanol. Air is flushed 
from the reaction vessel with a stream of dry nitrogen gas, and is excluded thereafter 
by maintaining a slight positive pressure of nitrogen in the reaction vessel Asuspei^an 
of 50 mg. if disodium azodiformate in 5 ml. of absolute ethanol is added, and the 
resulting mixture is stirred at about 25 C C and made acid with a few drop of glaaal 
acetic acid. Stirring at 25 °C is continued for 8 hours. The reaction mixture is then 
evaporated to dryness. The resulting residue is dissolved in a mixture of diethyl ether 
and water. The diethyl ether layer is separated, dried with anhydrous sodium sulphate, 
and evaporated at reduced pressure to give <i>-nor-dihydn>PGF Ja with substantially 
the same properties as the material prepared according to Example 5. _ 

Following the procedure of ExampJe 6, each of the unsaturated PGF analogues 
reduced according to the procedure of Example 5 is also reduced according to the 
procedure of Example 6 to give the corresponding dihydro-PGF la analogue with sub- 
stantially the same properties as the materials prepared according to Example 5. In 
those reductions, amounts of disodium azodiformate appropriate to the number of 
carbon-carbon double 1 J re used. 

Compounds of the ^:icral formulae I and II and the specific compounds pre- 
pared in Examples 1 to 6 when administered therapeutically can also be formulated in 
compositions such as those described in our copending Application No. 39883/69 
(Serial No. 1285371). 

WHAT WE CLAIM IS: — 
1. A compound of the formula: 




wherein Ri is hydrogen, aikyl of one to 8 carbon atoms, inclusive, or a pharmacologic- 
ally acceptable cation, R* and R, are hydrogen or alkanoyl of one to 8 carbon atoms, 
inclusive, with the proviso that when Rs is alkanoyl, R a is also alkanoyl, m is zero or 
2, and X, Y, and Z arc — CH X CH 2 — , or X is tram-CH=CH— , Y is cis-CH=GH— 
and Z is — CH x CH r — or cis-CH=C3I— . 

2. A compound according t claim 1, wherein R u R* and R s are hydrogen. 

3. A compound according to claim 2, wherein X, Y, and Z are — CHjCH* — . 

4. A compound according to claim 2, wherein X is trans-CH=CH — , Y is cis- 
CH=CH— , and Z is — CH^CH,— . 

5. A compound according to claim 2, wherein X is trans-CH=Cfl — , and Y and 
Z are ris-CH=CH— . 
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6. A compound of the formula: 




/ 

R.O 



„ (CHgJg-COOR! 



Ii CR 



wherein R, is hydrogen, alkyl of one to S carbon atoms, inclusive, or a pharmacologic- 
ally acceptable cation, and R : and R a arc hydrogen or alkanoy! of one to 8 carbon 
atoms, inclusive, with the proviso that when R 3 is alkanoyl, R : is also alkanoyl. 

7. A compound according to claim 6, wherein R,, R : , and R 3 are hydrogen. 

Sf. A process for producing a compound of the formula: 




wherein R : and R 3 are hydrogen or alkanoyl of one to 8 carbon atoms, inclusive, with 
the proviso that when R 3 is alkanoyl, R : is also alkanoyl* R< is hydrogen or alkyl of 
one to 8 carbon atoms, inclusive, and p is 3 or 5, which comprises reducing the 
carbon-carbon double bonds of a compound of the formula: 



x CH 2 -Y- (CK 2 ) 3 -CO0R^ 




whenain R-, R^ and R* are as defined above, ra is zei*o or 2, and X is trans-CH= 
CH— and Y and Z are — CH : CH,— , or X is trans-CH=CH— , Y is cis-GH= 
CH— . and Z is — CH : CH 2 — or cis-CH=CH— . 

9. A process for producing a compound of the formula: 
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HO / CBjj-Y-(CB 2 ) > COORj, 




R 2° 



/ \ 

K 0R o 



wherein R 2 is hydrogen or alkanoyl of one to 8 carbon atoms, inclusive, R< is hydrogen 
or alkyl of one to 8 carbon atoms, inclusive, m is zero or 2, and X, Y and Z are 
— CH : CHr— , or X is trans-GH=CH— , Y is cis-CH=CH— , and Z is — CHjCH, — 
or ris-CH=CH — , which comprises reducing the carbonyl group of a compound of 
the formula: 




wherein R 2 , R«, m, X i Z are as defined above. 

10. A process for producing a compound of the formula : 
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HO 



# (CH 2 ) 6 -C00R 4 




K 



/ 



OR- 
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wherein R 3 is hydrogen or alkanoyl of one to 8 carbon atoms* inclusive, and 
is hydrogen or alkyi of one to 8 carbon atoms, inclusive, which comprises reducing the 
carbonyl group of a compound of the formula: 




<38<2 



15 



wherein R to end ate as defined above. 
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1 1. A process for the preparation, of a compound as claimed in acy of claims 1 to 
7 substantially as herein described with reference to Examples 1 to 6. 

12. A compound as claimed in any of claims 1 to 7 when prepared by a process as 
claimed in claims 8 to 11. 

5 13. A therapeutic composition comprising as the active ingredient a compound as 5 

claimed in any of claims 1 to 7 or 12 together with a phannaoei&sk^Uy acceptable 
carrier. 

14. A therapeutic composition comprising as the active ingredient a compound as 
claimed in any of claims 1 to 7 or 12 substantially as herein described. 
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